Background: There is a general notion that stressful life events may cause mental and physical health problems. Objectives: We aimed to describe stressful life events reported by patients with chronic obstructive pulmonary disease (COPD) and to assess their impact on health outcomes and behaviors. Methods: Two hundred and sixty-six primary care patients who participated in the ICE COLD ERIC cohort study were asked to document any stressful life events in the past 3 years. We assessed the before-after (the event) changes for symptoms of depression and anxiety, health status, dyspnea-related quality of life, exacerbations, cigarette use, and physical activity. We used linear regression analysis to estimate the crude and adjusted magnitude of the before-after changes. Results: About 41% (110/266) of patients reported the experience of any stressful life events and "death of relatives/important persons" was most common (31%). After accounting for age, sex, living status, lung function, and anxiety/depression status at baseline, experiencing any stressful life events was associated with a 0.9-point increase on the depression scale (95% CI 0.3 to 1.4), a 0.8-point increase on the anxiety scale (95% CI 0.3 to 1.3), and a 0.8-point decrease in the physical activity score (95% CI -1.6 to 0). Conclusions: Experiencing stressful life events was associated with a small to moderate increase in symptoms of depression and anxiety in COPD, but no discernable effect was found for other physical outcomes. However, confirmation of these results in other COPD cohorts and identification of patients particularly vulnerable to stressful life events are needed.
Introduction
There is a general notion that psychological stress can cause mental and physical health problems [1, 2] . In epidemiological studies, one way to quantify stress is by counting the occurrence of stressful life events. Since the landmark study by Holmes and Rahe [3] on the assessment of stressful life events, numerous studies have suggested their relations with conditions, including psychiatric disorders, cardiovascular diseases, cancers, and autoimmune diseases [4] [5] [6] [7] [8] . Two main pathways have been proposed that can link stressful life events (or stress in general) with health problems. Stressful life events can induce physiological adjustment, such as an increase in blood pressure and stress hormones or a decrease in immune function. Stress might as well lead to behavioral changes, such as more use of tobacco or alcohol and less sleep or physical exercise [1, 2, 9] . Thus, stressful life events may increase the risk for many diseases.
In patients with chronic obstructive pulmonary disease (COPD), depression and anxiety have been widely investigated and were shown to increase patients' risk of exacerbations or death [10, 11] . However, 1 potential cause of depression and anxiety, namely stressful life events, was rarely assessed in COPD cohorts. To the best of our knowledge, only in 1 cross-sectional study conducted in Singapore [12] , the investigators documented that experiencing stressful life events was associated with more depressive symptoms in COPD patients than in their non-COPD counterparts. There is, at present, a lack of evidence from longitudinal cohort studies regarding the type of stressful life events experienced by COPD patients, the impact of stressful life events on patient outcomes, and the role that stressful life events play in COPD prognosis.
In this study, we explored the relationship between experiencing stressful life events and several outcomes/behaviors, including depression, anxiety, dyspnea, health status, exacerbations, cigarette use, and physical activity in patients enrolled in the International Collaborative Effort on Chronic Obstructive Lung Disease: Exacerbation Risk Index Cohorts (ICE COLD ERIC) study. Our aims were, firstly, to describe the stressful life events reported by COPD patients and, secondly, to quantify the impact of stressful life events on patient outcomes/behaviors.
Methods

Population
The study sample consisted of patients participating in the prospective ICE COLD ERIC cohort study, for which the design paper and the baseline characteristics of participants have been published previously [13, 14] . Briefly, patients with COPD aged 40 years or older, in GOLD stage II-IV, and free of exacerbations for at least 4 weeks were recruited by their primary care physicians in the Netherlands or Switzerland from April 2008 to August 2009. The study exclusion criteria were being judged to have a life expectancy of no more than 12 months and being diagnosed with dementia, psychosis, or another psychiatric illness that may invalidate the assessment of patient-reported outcomes. We followed the patients for up to 5 years and assessed at half-year intervals the patient-reported outcomes on health status, symptoms of anxiety and depression, levels of physical activity, and health-related quality of life. At the 3.5-year follow-up visit, we administered an additional questionnaire on information on stressful life events that the patients had experienced in the past 3 years.
The ICE COLD ERIC study was approved by the medical ethics committees in Zurich (EK-1519) and Amsterdam (MEC-08-073). Each patient's written consent to the study was obtained by the investigators.
Measures
Patients completed the Hospital Anxiety and Depression Scale (HADS), the Chronic Respiratory Disease Questionnaire (CRQ), and the feeling thermometer at baseline and at half-year intervals [13] . The HADS is a valid and reliable instrument to measure depression and anxiety symptoms in patients with physical impairment, with domain scores ranging from 0 (no depression or anxiety at all) to 21 (very severe depression or anxiety) [15] . The CRQ is a valid and reliable instrument to measure disease-specific health-related quality of life in patients with COPD that includes domains of fatigue, dyspnea, emotional function, and mastery. Domain scores range from 0 (lowest level of quality of life) to 7 (highest) [16] . The feeling thermometer is a modified visual analogue scale with numerical values that range from 0 (worst imaginable health state) to 100 (best imaginable health state) to measure general health status in the past 7 days. It is part of the EuroQol 5 and has been validated for COPD patients [17, 18] . Physical activity was assessed by the Longitudinal Ageing Study Amsterdam Physical Activity Questionnaire. As reported elsewhere [19] , we generated a score ranging from 0 to 23 to indicate the level of physical activity at each assessment.
To assess stressful life events, at the 3.5-year follow-up, trained study nurses asked the patients to recall whether they had experienced in the past 3 years any life events that were so stressful that they seriously impacted their lives. Then they categorized these events into the following 9 categories: (1) death of relatives or important persons; (2) patient's own disease; (3) disease of relatives or important persons; (4) relational problems with relatives or important persons; (5) financial worries; (6) unemployment or retirement; (7) divorce, separation, or loss of friendship; (8) loss of pets, and (9) other. They also asked the patients to try to recall the date/ month/year of the occurrence of the events.
COPD exacerbations were assessed every 6 months based on patients' interviews and then centrally adjudicated by an expert panel who had access to patient charts and study case report forms, using the definition of exacerbations reported in the design paper [13] .
Statistical Analysis
For each patient who had experienced at least 1 stressful life event, we computed the average of the HADS depression/anxiety scores, dyspnea-related quality of life scores, health status scores, physical activity scores, numbers of cigarettes smoked, and incidence rate of exacerbations (per person-year) that were measured before the occurrence of the first stressful life event ("before period") and after the first stressful life event ("after period"). In order to make comparisons, for each patient who had not experienced any stressful life events, we computed the average of scores/numbers or the incidence rate before visit 4 ("before period") and from visit 4 onwards ("after period"), because the median time of occurrence of stressful life events among those who had them was between visit 3 and 4. We computed the difference between the 2 periods and used it as the dependent variable (before-after change) to represent the impact of stressful life events on health outcomes/behaviors.
We performed a linear regression analysis to assess if there was a difference between those who had any stressful life events and those who did not, and we adjusted for sex, age (continuous), living status (alone or not), and lung function (forced expiratory volume in 1 s). For the adjusted analysis of depression, we excluded patients who had clinically important depression symptoms (HADS score ≥11) at baseline, and, similarly, for the adjusted analysis of anxiety, we excluded patients who had clinically important anxiety symptoms (HADS score ≥11) at baseline. For other outcomes, such patients were not excluded; instead, we adjusted for baseline clinically important depression/anxiety status (yes vs. no) in the regression models. Next, interaction terms of stressful life events with the other variables were added to the models to assess if any subgroups of patients were more vulnerable to the impact of stressful life events. All analyses were done using Stata, version 13 (StataCorp LP, College Station, TX, USA).
Results
The ICE COLD ERIC study recruited 409 patients, and our sample included 266 patients who remained in the study (not dead or lost to follow-up) at the 3.5-year visit and completed the assessment of stressful life events. The study flow chart can be found in the online supplementary materials (for all online suppl. material, see www.karger.com/doi/10.1159/000481714), and patients' characteristics at baseline are shown in Table 1 . Fortyone percent (110/266) of the patients reported having experienced any stressful life events. Those who had experienced stressful life events were younger and less likely to be retired than those who had not experienced stressful life events. Another noticeable difference was that those who had experienced stressful life events ascribed lower scores to their dyspnea-related quality of life and health status and reported more symptoms of depression and anxiety at study baseline. More of these patients were also taking depression and anxiety medications. The study sample included slightly more males (154/266, 58%).
One hundred and fifty-six (59%) patients reported not having experienced any stressful life events, 82 (31%) reported 1, 21 (8%) reported 2, and 7 (3%) reported 3 events. The most commonly reported event by patients was "death of relatives/important persons," followed by "patient's own disease" and "disease of relatives/important persons" (see Table 2 , also presenting the number of patients who rated each event as "extremely stressful").
The median time at which the patients reported having experienced the first event was between visit 3 (1.5-year follow-up visit) and 4 (2-year follow-up visit); the 25th percentile was between visit 1 (0.5-year follow-up visit) and 2 (1-year follow-up visit); the 75th percentile was between visit 5 (2.5-year follow-up visit) and 6 (3-year follow-up visit). In 18 patients, the dates of all their reported stressful life events were before study baseline. These patients were counted as having "no stressful life events" in the analysis assessing the impact of stressful life events on patient outcomes since all outcome data were collected from baseline to the 3.5-year visit. Table 3 summarizes the results that assessed the impact of stressful life events on health outcomes/behaviors. The within-patient comparison for patients who had stressful life events suggests that, over time, these patients' symptoms of depression increased and their dyspnea-related quality of life and health status decreased. The numbers of cigarettes smoked per day and their levels of physical activity decreased. In the multivariable linear regression analysis of the before-after change, we found that comparing those who reported any stressful life events with those who reported none, those reporting stressful life events had a greater increase in depression symptoms (coefficient 0.9; 95% confidence interval [CI] 0.3 to 1.4) and a greater increase in anxiety symptoms (coefficient 0.8; 95% CI 0.3 to 1.3).
To aid in interpretation, we defined "responders with depression/anxiety symptoms" to be patients who had a 1.5-unit increase on the HADS depression/anxiety subscale (minimal important difference [20] ), comparing the "after period" with the "before period." We found that among those who reported stressful life events, 38% (35/91) were responders with depression symptoms, while 25% (44/174) among those who reported no stressful life events were responders with depression symptoms (χ 2 statistic = 4.96, p value = 0.026). For anxiety symptoms, 30% (27/91) among those who reported stressful life events were responders with anxiety symptoms, and 13% (22/174) among those who reported no stressful life events were responders with anxiety symptoms (χ 2 statistic = 11.49, p value = 0.001). Stressful life events were associated with more responders. Regarding health behaviors, patients who reported any stressful life events had a larger decrease in physical activity (coefficient -0.8; 95% CI -1.6 to 0) than those who reported none, while no difference was found for cigarette use.
In the online supplementary materials, we reported the results of the multivariable linear regression analyses where we added interaction terms of stressful life events with each of the following variables: sex, age, living status, lung function, and baseline depression/anxiety status.
There was no indication of any interactions for any of the outcomes/behaviors.
Discussion
In our study, we found that almost half of the COPD patients reported to have experienced events that were so stressful that they seriously impacted their lives. Our analyses suggest that experiencing stressful life events is CI, confidence interval; COPD, chronic obstructive pulmonary disease; CRQ, Chronic Respiratory Disease Questionnaire; HADS, Hospital Anxiety and Depression Scale; LAPAQ, Longitudinal Aging Study Amsterdam Physical Activity Questionnaire. a For patients who had any stressful life event, "before period" is the time period before the first event and "after period" is the time period after the first event. For patients who had no stressful life event, "before period" is the time period before visit 4 and "after period" is the time period from visit 4 onwards. b We excluded patients who had baseline clinically important depression (for depression outcome) or anxiety (for anxiety outcome) and adjusted for age, sex, living status, and lung function in the regression analysis. c We adjusted for age, sex, living status, lung function, and depression/anxiety status at baseline in the regression analysis. associated with increased future symptoms of depression and anxiety, while no effect of stressful life events on other physical outcomes, including dyspnea, health status, and COPD exacerbations, was identified. We also found that stressful life events may be associated with a future decrease in physical activity.
The 3 most commonly reported stressful life events by our study participants were "death of relatives/important persons" (31%), "patient's own disease" (21%), and "disease of relatives/important persons" (19%), accounting for more than 70% of all events. The frequency of diseaserelated events agrees with previous studies on stressful life events done in elderly populations, where health-related events were found to be the most frequent type of stress in older adults [21, 22] . Different events were perceived differently by our study participants. For example, among the 3 most frequently reported types of stressful life events, the proportion of patients who rated the event as "extremely stressful" was higher for "disease of relatives/ important persons" than for "death of relatives/important persons" or "patient's own disease." The reason why "disease of relatives/important persons" was perceived as a more stressful event may be that the informal care given to those getting sick can be a substantial burden to most caregivers. It would also be interesting to learn whether these health-related events are perceived differently from those events that are not health related (e.g., financial worries, unemployment, and divorce). However, due to the small numbers of these events reported in our study, we cannot make such comparisons.
Patients who reported stressful life events differed from those who did not report any stressful life events at baseline regarding the levels of symptoms of depression and anxiety, dyspnea-related quality of life, and health status. Given that our instrument to assess stressful life events relied on patients' recall of experience in the past years, it is likely that patients who were more depressed/anxious, had more severe dyspnea, and rated their health status as lower at baseline had a higher chance of remembering or reporting stressful life events. Also, such patients might be more prone to perceive an event as being "stressful," or they might be less resilient to the same event than patients who were less depressed/anxious, had less severe dyspnea, and rated their health status as higher at baseline [6, 23] . Furthermore, there can be some strong confounding factors (e.g., individual personality traits) that are linked to patients' symptoms, such as depression/anxiety, and at the same time affect their risk of experiencing stressful life events [6, 23] . Faced with such an imbalance in the baseline characteristics, when doing the analysis to assess the impact of stressful life events on patient outcomes/behaviors, we took advantage of our longitudinal study design and within-patient comparison.
According to the 2 main pathways proposed to link stressful life events with health problems, psychological stress may lead to physiological dysregulation or to worse health behaviors, which in turn increase the risk for adverse outcomes [9] . In our study, we computed the within-patient before-after change of health outcomes and behaviors. We tried to examine whether this within-patient change was more pronounced in patients who reported having experienced any stressful life events. After accounting for confounders, we observed that stressful life events were associated with more symptoms of depression and anxiety. There seemed to be an association of stressful life events with less physical activity, but no association with cigarette use was found. On the other hand, our analysis of stressful life events and physical outcomes did not suggest an association with COPD exacerbations and dyspnea-related quality of life, and the finding of a change in health status had a high variance. Because our study sample size was relatively small and our time frame of follow-up after the event was relatively short, more replications of these analyses in other COPD cohorts are needed in the future to examine the impact of stressful life events on COPD prognosis.
Our study has several limitations. First, the stressful life events were retrospectively assessed by asking the participants to recall the experience and dates of stressful life events for the past 3 years. This perhaps posed some challenge to the participants of this age group. Our study design could have been improved if a shorter time frame had been chosen (e.g., 1 year) for patients to recall their experience of stressful life events and if we had assessed this factor repeatedly. However, most stressful life events are significant events in patients' life, so they should have been easier for patients to remember. Second, symptoms of depression and anxiety were assessed by self-reported questionnaires. We need to bear in mind that these are not a formal diagnosis of depression and anxiety, which will require a clinical interviewer and information from medical records or other informants. Third, because assessments of stressful life events and most outcomes were completed by patients alone, there is a risk that the differences observed in the current study were confounded in part by this dependency upon self-reporting.
Despite these limitations, we believe that the present study still makes a valuable contribution to the current knowledge on stressful life events in COPD patients and on the influence of stressful life events on COPD out- comes. With data from a longitudinal follow-up study, we were able to demonstrate that experience of stressful life events may affect mental health, including more symptoms of depression and anxiety in patients with COPD, while we did not obtain similar findings for other physical outcomes. Stressful life events may also lead to a decrease in physical activity. The importance of mental health status for patients with COPD has been well recognized by the clinical community over the past few years. Finding effective ways to cope with the stress encountered by COPD patients can be one of the future steps to reduce their risk of developing depression and anxiety.
